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(54) FokteWetube 

{57) A toUaWe tube comprises a wall in which at 
least three elongate relatively flexfrle areas are present, 
which areas form plastic hinges which define a wall seg- 
ment that can be toUed inwardly to bring the tube into a 
contracted shape. 
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Description 

Bacferffln^ of the Invention 

[0001] The invention relates to a fokiabJe tube and to 
a method tor piecing such a tube in a tubular cavity. 
[0032] rt is known to fold RexMe hoses into a flattened 
shape in order to facOrtate easy storage, for example by 
reding the flattened hose around a small diameter reel- 
ing dmm. 

[0003] It is also known to insert well tubu&rs in a con- 
tracted position into a wdlbore and to expand die tubu- 
ler otemhole at the location where the tubular is to be 
used. Soviet patent speculation SU-633825 cfisdoses 
the use of on inffieSy corrugated tubo whfchte expended 
dswnhoie into a tubular shape, mtemational patent 
cppScaticn, publtcatai Wo. WO 97/03345 electees the 
usQtfaftssibJQttfgtttubiJ^ 

ehspo during its descent through the weCbore and 
which is inflated downhole to bring the tubular Into a 
cySndricd shape, whereafter the tubular is poSymensed 
to provide a we3 casing. This known tubuler has en Y- 
ehspe and serves to provide a seal at the junction 
between q main well and a branch well. Disadvanteges 
of fosse tmown expandable corrugated and flexible CcM- 
ebJe tubes ere foat they need to be relatively ©tin to 
allow an easy expansion wftfen a bc^ehcJe or other cav- 
ity and that tho shape of the unfolded tube tsnotwefl 
defined. 

\fXm] « is €5n objects the present invention to 
ate the c5sedvantages of the known foldable tubes and 
to provide a CoBabJe tube which can be folded and 
unfolded relatively easily but which generates an 
expanded tube which is robust and which has a we!) 
defined tubular shape. 

Summary of ths Invention 

[0005] The fottsble tube according to the invention 
comprises a tubular wall having at least three elongate 
relatively flexible areas where foe wall is more flexible 
thsn ofoer areas of the wall, whech areas are oriented in 
a substantially parallel direction reSative to each other 
aicnrj at least a substantial part of the length of the tuba 
so that in use said areas form plastic hinges which 
define a wafl segment that is inwardly fotdaJMe to bring 
the tube into a contracted shape. 
[0003] An advantage of the use of plastic hinges in 
accordance with the present invention is that they lock 
the unfolded tube in its tubular shape and that the tube 
can be made cheaply by creating tie plastic hinges in 
the wail of a tube which has, apart from the plastic 
hinges, a similar wall strength and thickness as a con- 
ventional tube that would normally be used in the same 
situation. 

[0007] It is preferred that said relatively flexible areas 
are formed by trough-shaped grooves in the wall of the 
tube, which grooves are oriented in a parallel or hefical 



direction relative to a tongrtutfinal axis of the tube. 
[0088] Alternatively the relatively weak areas are 
formed by mutually parallel axial or helical rows of 
holes. These holes may pass through the wall of the 
5 tube or extend only partially into the outer or inner sur- 
face of the wall of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is arranged in the wdl of foe tube such that 
each set of tour grooves defines a tube segment that 
10 can be folded as a U-ehsped recess inwardly into the 
tube. The sides of said U-ehaped recess may even be 
folded towards each other in a delta-shape and the tips 
of the recess may be brazed together to fix the tube m 
its folded shape until a relatively low tension force is 
is exerted to the brazed Joint 

[0010] The tube can be folded to a high degree of con- 
traction H two ss£s of four grooves oro arranged sym- 
metrically at opposite edes of foe tube such tat upon 
foifotg of the tube too delta- or U-shaped recesses oro 
20 formed at opposite ©ides of the tubo. 

[0011] W the tube needs to befoxfebSo to a less high 
degree of contraction then a single groove or o plastic 
hinge formed by a tubule may be arranged at one side 
and a set of four grooves at an opposite side of the inner 
as wail of the tube. 

[0012] The latter enTbaSmsrrt of ths tuba ecccrtSng to 
the envention can bo used as a we3 finer at foe {unction 
between a main well end a branch well branch tube 
is secured around a window in the weD of the tube 
so between said single groove and an adjacent groove of 
said set of four grooves at said opposite side of the tuba. 
[0013] In that case the tube is towered through foe 
main well towards foe Junction after fotifing the tube into 
Hs contracted shape. At the Junction the tube is then 
as expanded such that foe branch tube Is pushed into foe 
entrance of the branch weS. 
[001 4 J The tube according to the present invention 
can be made of any material which is plastically deCorm- 
ebJe such that the tube doss rcrt break as a resuft of the 
to folding and untaxing operations. 

[0015] Suitebl® mstertete sro stesi. in partrculnr tam- 
able steel grades such as high strengfo tow eBcy steels 
and dual phase steels, and plastic materials such as 
polypropylene and polyvinylchlcride. 

45 

description of the drawings 

[0016] The invention wffl be described in more detail 
and by way of example with reference to the accompa- 
so nying drawings, in which 

Ftg. 1 is a cross-axial sectional view of a fofda W e 
tube according to the invention which comprises 
two sets of tour grooves in the inner wdl of foe tube; 
65 Rg. 2 shows the tube of Ftg. 1 at a somewhat 
reduced scale wherein the tube is folded into its 
contracted shape such that two U-shaped recesses 
are formed at opposite sides of the tube; 
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Rg. 3 is a cross-axial sectional view of an alterna- 
tive embodiment of the fok&We tube according to 
the present invention wherein a single groove is 
present at one side and a set of four grooves is 
present at an opposite side of the tube; 
Fig. 4 shows the tube of Fig. 3 at a somewhat 
reduced scale wherein the tube is folded into its 
contracted shape such that a U-shaped recess is 
formed at the upper side of the tube; 
Fig. 5 is a cross-anal sectional view of a foidable 
tube according to the invention inside a well 
wherein the tube is provided wish a branch tube 
which is inserted into the entrance of a branch wefi 
upon aownhcle expansion c? the foidable tube; 
Rg. 6 is a cross-arial sectional view of a foktebie 
tube according to the present invention wifo a U- 
etepsd recess aft cnosfcfo and a Hng^ 
q tubule at foe other side; 
Ftg. 7 is a cress-aria! sectional view of a foldaUe 
tube according to foe invention which comprises 
three aria! grooves at one side of the tube; 
Ftg. 8 is q cross-aria! sectional view of a to&atie 
tube according to the present invention where the 
folded tube and the U-shaped recesses have a 
delta-shape; and 

Rg. 9 is a cross -aria! sectional view of a foJdable 
tube according to the present invention where 
dstta-sheped recesses are presort at both sides of 
the tube. 

exiled dotation of the invention 

[001 7] Referring to Ftg. 1 there is shown a ColdabJe 
tube 1 which comprises two sets of axial trough-shaped 
grooves 2-9 in the inner waD of the tube 1. 
[0018] Rg. 1 shows the tube 1 in its unfolded cylindri- 
cal shape and the grooves 2-9 each have a similar 
depfo and width. One set of four grooves 2-5 has been 
machined into the inner wall at die upper stde of the 
tube 1 and the other set of four grooves 6-9 has been 
machined into the inner wall at the tower side of the tube 
1. such that the two sets of grooves 2*5 and 6-9 are 
sy mmetrical relative to each other. The distances 
between the grooves 2 and 3, the grooves 4 and 5, the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 
each other. 

[0019] Furthermore the distance between foegrooves 
3 and 4 is equal to the distance between foe grooves 7 
and Sand the distance between the grooves 2 and 9 is 
equal to the distance between foe grooves 5 and 6. 
[0020] The symmetrical arrangement of two sets of 
tour grooves 2-5 and 6-9 enables the tube 1 to be toUed 
such that the wall segments between the grooves 3 and 
4, 7 end 8, 5 and 6 and 2 and 9 are moved inwardly 
towards the centre 11 of the tube 1 as illustrated by 
arrows 10 and the tube 1 obtains its contracted shape 
as is shown in Rg. 2. 

[0021] Rg. 2 shows how the relatively thin parts of the 



tube 1 adjacent to the grooves 2-9. where the wall thick- 
ness is smaller than the waD thickness of other parts of 
the tube 1. act as plastic hinges during the talcing pro- 
cedure. 

5 [0022] As a result of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2, 5, 6 and 
9 are largely dosed so that a first U-shaped recess 12 ts 
formed at the upper side of the tuba 1 and a second U- 
shaped recess 1 3 is formed at foe tower side of the tube 
10 1. The foMed tube 1 shown in Rg. 1 has the shape of a 
rivet which has a significantly smaller outer width than 
the inner width of foe unfolded tube shown in Rg. 1. 
Therefore foe toded tube can be moved easily through 
foe bore of a conduit or underground well, even through 
15 narrow passages formed by valves and sharp curva- 
tures. 

[0023] Rg. 3 chows an alternative embodiment of foe 
ftft teM e tubs sccofl&tg to foe invention Cn which foe 
tube 15 comprises a smgte arial groove 16 est foe lower 
20 ede of the tube 15 and a set of four arid grooves 17, 
18. 19 and 20 et the upper side of the tube 15. 
P024] The grooves 16 and 17 and 20 have been 
machined in foe inner waD of foe tubs 15 and foe 
grooves 18 and 19 have been machined in foe outer 
25 waD of foe tube 15. 

[0025] The relatively thin wan parts of foe tube 15 
adjacent to foe grooves 16-20 formwafl areas which are 
more flexible than ofoer parts of the tube 1 5. The groove 
pattern shown in Rg. 3 allows foe waB segment 
so between foe grooves 17 and 20 to be fo*ded mwardyin 
foe direction of arrow 21 such that foe tubs 15 obtains 
foe toded shape shown in Rg. 4. 
[0026] Ftg. 4 shows that cm fotfrtg of foe tube 15 a U- 
ehepsd recess 22 is formed by the waD-eegmsnt of the 
56 tube 15 between foe set of four grooves 17-20 at foe 
upper side of the tube 15. The two relatively Kg wall 
segments of foe tube 15 between foe groove 16 at foe 
tower side and foe two cuter grooves 17 and 20 at foe 
upper side of the tube 15 thereby pivot towards each 
40 other about foe plastic hinge formed the at foe bottomof 
the tuba 15 nesr the groove 16. 
[0027] Thetube15shownbtRg.4canbeunfoaedby 
moving an expansion mandrel in axial direction through 
the tube 15 and/or by inflating the tube 15. 
45 [0028] The unfolded tube 15 then obtains its cylindri- 
cal shaoe as is shown in Rg. 3 and foe configuration of 
parallel grooves 16-20 wiB than tock the tube 15 since 
foe wall segments between the grooves 16-20 form 
arches which will be subject to hoop stress H foe 
so hydraulic pressure outside foe tube 15 is higher than foe 
hydraulic pressure inside the tube 1 5. 
[0029] Rg. 5 shows a toldabie tube 25 whxh is similar 
to foe WdaMe tube 15 shown in Rgs. 3 and 4 Inside a 
main weD 26 in which a weO casing 27 has been 
55 cemented in place. 

[0030] The main well 26 passes forcugh en under- 
ground formation 28 and a branch weD 29 has been 
driHed through a window 30 in the well casing 27 later- 
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ally Gway from the main weO 26 into the formation 28. 
(0031] The tube 25 is made of steel and comprises a 
single groove 31 at its tester side and a set of tour 
grooves 32-35 at its upper side. A Drench tubing section 
36 has been wetted to the waD segment of the tube 15 5 
between the grooves 31 and 32 around a window 37 
that has been machined in the wall of the tube 25. 
[0032] The tube 25 hasbeen moved in itsfoWed con- 
tracted position through the main we3 26 until the 
branch tubing section 36 is Eocated adjacent to the io 
entrance of the branch we9 29. 
[0033] Then the tube 25 is expanded by an expansion 
mandrel into its cylindrical shape, which is illustrated by 
broken Enes 38 such that fro branch tubing section 36 
Is pushed through ffio window 30 in fte weO casing 27 is 
Into the branch weil 29 ess iBustraied by broken Bnes 39 
end tfto qttto 40. 

[0224] An e!cn^ created cxmJoinsr 41 ccntaircng 
a sealing agent is arranged within the ddto-shaped 
recess formed between faQ set of four grooves 32-35 at » 
the upper side of the tube 25 wWch container is 
squeezed between the btner wall of tfie well casing 27 
end the cuter waD of the tube 25 if the tube is unfolded 
to its cyTtraWcal etepe 38. The ee^rtg agent Is thereby 
squeezed into the ©/muter space surrounding the 2s 
unfolded tube 25 and the branch tubing segment 39 and 
provides on curing an adequate ceal which also foes 
the unfolded tube 25 and branch tubing section 36 
inside the main and the branch we3s 26 and 29. 
[0035] Rg. 6 shows a folded tube 41 which has a set so 
o?Courgrccve342,43,44ard45atri8Upper^eanda 
single tubular Nnga 46 at Its tower ©Ma 
[C03S] The tubular hinge 46 provides em area where 
the waQ of the tube Io more fteoribJe than the other psrts 
of the tube 41 # apnt from thearess of the tube 41 edja- 35 
cent to the grooves 43-45. 

(0037] The tubuter hinge 46 provides moreover an 
area where the waO of the tube can be deformed in dr- 
cumferential tfrecticn during fre unteSng procedure. 
[0038] After cxOTptetai of the unfokSng procedure the 40 
interior 47 of flie tubular rtinge 46 can be fined with a Ail- 
ing cgerti which provides support and fbtss the tubular 
hinge 46 in its expanded posrHcn. The interior 47 of the 
tubular hinge 46 may also contain electric or hydraulic 
condurts for transrrcssion of etectric and/or hydraulic « 
power artd/cr signals along foe length of the tube 41 . 
[0039] Rg. 7 shows an embodiment of the Coldable 
tube according to the invention where the tube 50 com- 
prises at its upper side three mutually parallel ajrial or 
heScal grooves 51 . 52 and 53 which define three plastic so 
hinges that allow the upper side of the tube 50 to be 
folded inwardly as Blustrated by phantom lines 54 and 
arrows 55. 

[0040] After the upper side of the tube 50 has been 
folded inwardly the outer width of the lower side of the 65 
tube 50 can be reduced as illustrated by arrows 56 by 
puBing a circumferential or hefical wire (not shown) 
around the flius folded tube 50. 



[0041] The tube 50 is then unfolded by increasing the 
hydraulic pressure in the interior of the tube 50 wrcch 
create the wire and induces the tube 50 to untold into its 
cylindrical shape shown in Rg. 7. 
[0042] Rg. 8 shows an embodiment of the tottabte 
tube according to foe invention where the folded tube 57 
has a defta-shape and comprises at each corner a 
delta-shaped recess 58. 

[0043] Each date-shaped recess 58 is formed by 
bending the tips of the legs of a U-shspad recess 
towards each other and each recess is defined by q set 
of four plastic hinges 59, 60, 61 and 62 where the wall 
of the tube 57 is more flexible than at other parts of the 
tube 57. 

[0044] The tube 57 is unfolded by Increasing the 
hydraulic pressure In ttie interior 63 of the tube 57 which 
causes the tube 57 to expand in ©to ejection of the 
arrows 64 go that the recesses 58 00 nsntovsd. By Cur- 
ther Increasing the hydmuSc pressure in the interior 63 
of me tube 57, tf>e tube 57 is brought into a cytfrtdrtcal 
shape (not shown). 

[0045] Fig. 9 shows a tube according to the invention 
where the tube 65 comprises a set of tour arid pSasti- 
cally detormsbJe hinges 65, 67, 68 and 69 at its upper 
side and also a set of tour anal plastically detormsbSe 
hinges 70. 71, 72 and 73 at its tower side. 
[0046] Each set of tour hinges 63-69 and 70-73 
defines a delta-shaped recess 74 and 75, respectively. 
[0047] The two hinges 66 and 69 at the top of the 
folded tube 65 and also the two hinges 70 and 73 at the 
bottom of the tube 65 have been brazed together. The 
ftue formed brazed Joints 76 and 77 created a seal 
between the interior of the derte-ehaped recesses 74 
and Oie exterior 78 of the tube 65. 
[0048] The tuba 65 is euitabte to be used in its illus- 
trated folded shape as a drfll pepe where driEng mud is 
pumped through the interior 79 of the tube 65 and 
through the derta-shaped recesses 74 and 75 to a drBI 
bit (not shown). 

[0049] After a borehole section has been drflled a cas- 
ing is then created by inflating the tube 65 using a high 
pressure fluid cr eapartsren mandrd (not Efcown) co ttrct 
the brazed joints 76 and 77 break open and the tube 65 
unfeldsirtotecyfotdricals 

80. The drill bit is then puBed to surface on a wtreSne or 
coiled tubing passing through the interior 79 of the 
expanded tube 65. 

[0030] The tube 65 and also the tube configurations 
illustrated in the other drawings can be spooled around 
a reeling drum in their folded shape and reeled from the 
drum into an underground borehole to provide a Gnirtg of 
the borehole wall or inside a corroded or damaged well 



[0051] The wails cJ the tube according to the invention 
may comprise sieve openings of a predetermined size 
so that the tube provides a ws3 screen wttch is towered 
into the borehole in its folded shaped and foen unfolded 
downhcJe by moving an expansion mandrd through the 
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tubeorbyrtlatb^aba)^ that the branchtube is positioned at the entranced 

The unfolding procedure does not vary the sieve open- the branch well near the branchpoint 
ing size so that unfolded tube provides a sandscreen 

with a welldefined sieve opening size. 9. The foWabie tube ol daim 1 wherein the tube is 

5 made of steel. 

c,a,ms 10. The fbldable tube of daim 1 wherein the tube is 

1. A foldable tube comprising a tubular wafl having at 
least three elongate relatively flexible areas where 
the wall is more flexible than other areas of the wafl. 
which areas are oriented in a substantially paralel 
direction relative to each other along at least asub- 
stantial part of the length of the tube so that in use 
said areas from plastic hinges which define a wafl 
segment that is inwardry toWable to bring the tube 
into a contracted shape. 

2. The tokteble tube of daim 1 wherein said relatively 
f lexfcie areas are formed by through-shaped 
grooves in the wall of the tube, which grooves are 
oriented h a paraBel or hebcal direction rotative to a 
longiturjnal axis of the tube. 

3. The tokteble tube of daim 3 wherein at least one set 
of tour grooves is arranged in the wal of the tube 
such that each set of four grooves defines a tube 
segment that can be folded asadelta- or U-shaped 
recess inwardly Into the tuba 

4. The fddaHe tube of daim ^ 
grooves are arranged symmetrically at opposite 
sides of the tube such that rf the tube is folded into 
a contracted shape two delta- or U-shaped 
recesses are formed at opposite sides of the tube. 

5. The fbldable tube of claim 3 wherein a single 
groove is arranged in the inner wal at one side of 
the tube and a set of four grooves is arranged at an 
opposite side of the inner wail of the tube. 

6. The tokteble tube of daim 5 wherein a branchtube 
is secured around a window in tte wafl of the tube 
which window is located between said single 
groove insaidc>n«hatfofthetubeandan adjacent 
groove of said set of four grooves at said opposite 45 
side of the tuba 

7. The fbldable tube of any preceding daim wherein 
the tokteble tube is a wen tubular which is Insertable 
in a corseted shape into me weflarKl expandable so 
ctownhde into a substantially cyfindrical shape. 

8. The fbldable tube of daim 6 wherein the tube is a 
wfifl casing at a branchpoint in an underground weQ 
and the branch tube forms part of a well casing or 55 
liner via well branch, and the tube is insertable in a 
contracted shape into the weU and expandable 
ctownrideirrtoasubst^^ 



made of a plastic material. 

w 11. A method of plating a tokteble tube according to 
daim 1 in a tubular cavity, the method comprising 
inserting the tube tolded in its contracted shape into 
the cavity, unfolding the tube into its substantially 
cylindrical shape at a selected location within the 
i5 cavity and securing the tube within the cavity. 

12. The method of daim 11 wherein the tube com- 
prises at least cm set of tour grooves accordvig to 
daim 3 which grooves define a delta- or U-shaped 
20 recess when the tube is inserted into the cavityand 
a tubular container containing a sealing agent is 
arranged within said recess when the tube is 
inserted rto the cavity, which container is 
squeezed and breaks open as a result of the 
26 unfolding of the tube within the cavity and seafing 
agent is released into the annular space between 
the unfolded tube and the wafl of the cavity, which 
seafing agent is then aBowed to create an anmiar 
seal between the unfoWed tube and the cavity wall. 

so 

13w The method of daim 11 wherein the tube is 
unfolded by Inserting a seeing plug at one end of 
the tube and pumping a high pressure fluid into the 
other end of the tuba 

35 
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Fig.3. 
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